INTRODUCTION
It is likely that one in four adults in the UK have high blood pressure (BP), with deprived areas having the highest prevalence.
1 There have been improvements in recent years, with the population average systolic BP falling by 3 mmHg over the past decade, and the proportion of adults with controlled hypertension increasing from 5% to 10% between [2003] [2004] [2005] [2006] [2007] [2008] [2009] [2010] [2011] [2012] [2013] [2014] [2015] [2016] . 1 However, managing hypertension remains a significant burden on general practice and accounts for an estimated 12% of all visit to GPs in England. 2 Chronic disease management is shifting towards models of care that focus on patient centricity, supporting selfmanagement behaviours and improving care pathways with better integration of healthcare professional teams. 3 In recent years there has been an increased focus on new models of care for the management of hypertension, often involving the patient more in the process. Studies have investigated using patients' home BP readings to guide treatment, either by bringing them along to consultation or using technology to relay the information (telemonitoring). 4, 5 Other studies have investigated nurse or pharmacist-led medication titration. 6, 7 Further studies have included self-management whereby patients titrate their own medication according to a pre-arranged plan. 8 The National Institute for Health and Care Excellence (NICE), which provides guidelines for use in England, released new draft guidelines for the management of hypertension in early 2019, and discuss the evidence of effectiveness for out-ofoffice BP measurement, and pharmacist management of BP. 2 The guidelines support home monitoring of BP, where patients are willing and motivated to do so, while stipulating that patients need to know how to measure their BP correctly, and when to contact healthcare professionals if they are not achieving their target BP. With the variety of potentially effective hypertension management options, it is important to determine how patients value different models of care, and the relative importance of factors in their decisionmaking process. For the purposes of this study, a discrete choice experiment (DCE) was used to explore patient preferences for hypertension models of care in the UK: who measures BP, where this occurs, and who leads treatment changes.
There has been an ongoing increase in the publication of health-related DCEs, from approximately 3 per year between 1990-2000, to 45 per year between 2009-2012, as they are becoming recognised as a useful method for accessing preference for services in health. 9 A brief description of a DCE is presented in Box 1.
Patient preferences for management of high blood pressure in the UK: a discrete choice experiment
Abstract Background
With a variety of potentially effective hypertension management options, it is important to determine how patients value different models of care, and the relative importance of factors in their decision-making process.
Aim
To explore patient preferences for the management of hypertension in the UK.
Design and setting
Online survey of patients who have hypertension in the UK including an unlabelled discrete choice experiment (DCE).
Method
A DCE was developed to assess patient preferences for the management of hypertension based on four attributes: model of care, frequency of blood pressure (BP) measurement, reduction in 5-year cardiovascular risk, and costs to the NHS. A mixed logit model was used to estimate preferences, willingness-to-pay was modelled, and a scenario analysis was conducted to evaluate the impact of changes in attribute levels on the uptake of different models of care.
METHOD Identifying attributes and levels
A number of sources of information were used to inform the development and refinement attributes for inclusion in the DCE. Attributes were based on a literature review, 10 expert opinion, and interviews with patients with hypertension; 11 participants (seven females, aged 50-86 years, 73% >5 years since diagnosis) were interviewed between November 2015 and March 2016. Participants were recruited from two general practices in Oxfordshire, one serving a predominantly rural community and the other urban. Interviews were semistructured, followed a topic guide, and were recorded. Transcripts were analysed using a framework approach using NVivo (version 11).
Four attributes were chosen for inclusion in the DCE, and the rationale for inclusion is as described below. Each of the four attributes had four levels and these are shown in Box 2.
Model of care. Model of care for hypertension can be thought of in terms of who measures BP (patient, nurse, pharmacist, or GP) and who is responsible for making medication changes in response to the latest BP measurements (GP or nurse/pharmacist/patient according to a prearranged agreement with GP). Varying these two factors resulted in 16 possible combinations. For this experiment it was decided to pick the default option (GP measurement and management) as well as three options that were realistic, actionable by policy, and have already been shown to be effective and acceptable interventions.
Frequency of BP measurement. Currently, it is recommended by NICE that patients with hypertension with well controlled BP are offered an annual review of their care, and therefore may only have their BP measured for that occasion. 11 However, 30% of patients with hypertension currently visit their GP at least three times per year, with one in ten making more than five visits. 12 Reduction in 5-year cardiovascular risk. Epidemiological evidence at the time of this study suggested that the risk of cardiovascular disease rises with increasing BP starting at around 115/75 mmHg. 13 A large number of clinical trials have shown that lowering systolic BP by 10 mmHg reduces risk of stroke by 35-40%, myocardial infarction by 20-25%, and heart failure by up to 50%.
Since this study, there have been new reviews of the evidence, with similar findings: 15, 16 for example, in a review and meta-analysis published in 2017, lowering systolic BP by 10 mmHg was associated with 7% reduction in all-cause mortality, 15% reduction in cardiovascular mortality, 22%
How this fits in
There are a number of effective models of care for the management of hypertension, including GP led, pharmacist led, telehealth, and self-management. Treatment decisions should prioritise effectiveness along with patient preferences through shared decision-making. This study used a discrete choice experiment to investigate patient preferences for hypertension management, and found that patients prioritise reduction in cardiovascular risk. When offering new models of care, it is important to discuss the outcomes in terms of risk and risk reduction, and this may have an impact on the 'buy-in' among patients.
Box 1. What is a discrete choice experiment?
A discrete choice experiment (DCE) is a technique for eliciting preferences that provides information about the way individuals value different attributes of health, as well as the potential demand for new programmes, services, or treatments. DCEs are based on the assumption that healthcare interventions/services can be described by their characteristics (or attributes), and that an individual's valuation depends on the levels of the attributes. It is also assumed that individuals behave rationally and make choices that maximise their satisfaction (or utility in economics terminology).
In a DCE participants are presented with a series of questions where they are asked to choose between hypothetical alternatives, each with differing levels of the attributes being tested. In the example below an individual is asked to choose between two chocolate bars (A and B), which are described by five attributes (cocoa content, price, size and so on. Each attribute will have a number of potential options or levels.
Which chocolate bar would you prefer?
Chocolate bar A Chocolate bar B • Chocolate bar A
• Chocolate bar B
• Neither
By asking a number of questions in which the levels of the attributes are different, a picture of the strength of preferences for each attribute and level can be built. One is able to investigate the importance that individuals place on different aspects of a product/service, and the extent to which they are willing to make trade-offs between those aspects; for example, the increase/decrease in cost related to the chocolate bar being Fairtrade. When costs are included, DCEs can estimate the 'willingness-to-pay' of particular product/ services/changes in attributes.
The information from a DCE can be used to infer what is important to individuals when making choices in health. It is also possible to estimate the likelihood that individuals would choose a new service and their willingness to pay; vital information when commissioning new services.
reduction in major cardiovascular events, 31% reduction in stroke, and 47% reduction in heart failure. 16 Different models of care, with different frequencies of feedback on the results of treatment, and less frequent contact with healthcare providers, have the potential to result in different reductions in cardiovascular disease risk (due to different patterns of medication adherence and medication prescribing).
Costs. It is estimated that diseases caused by hypertension cost the NHS £2 billion every year. 17 Cost was framed as cost to the NHS. The cost levels included were based on the costs of healthcare providers' time, as reported in the Unit Costs of Health and Social Care. 18 
Study design and questionnaire
The DCE presented participants with sets of hypothetical models of care for hypertension that differed according to the levels assigned to the four attributes of interest. Two alternatives (A and B)
were presented in each choice set. A full factorial design includes all of the possible combinations of the levels and attributes. Given four attributes each with four levels, the full factorial design for one set of choices would be 4 4 (256); and in a pairwise DCE, where two alternatives are presented, the total number of possible pairs would be 32 640 (that is, 256*255/2).
An orthogonal main effects plan with a shifted design was used to create a choice set with 16 choice questions. The final design allowed for the identification of all main effects and had 95.5% D-efficiency.
The DCE survey was developed using the open source survey tool LimeSurvey (www.limesurvey.org), and administered online. The online survey incorporating the DCE comprised screening questions; choice questions (x16), demographics, and feedback. The final position of each option within each choice (that is, A versus B; B versus A), and the position of each choice (1-16) were assigned randomly for each participant.
Box 2. Attributes and levels included in discrete choice experiment Attribute Level
Model of care GP led -you schedule an appointment during normal clinic hours at your local general practice. Your BP is measured and any necessary changes to your medication are made by your GP. Pharmacist led -you attend a walk-in service (no appointment required) at your local pharmacy. Your BP is measured by the pharmacist, and medication changes are made by the pharmacist in accordance with plan made by you and your GP. Telehealth -you measure your BP at home using an automated BP device which automatically transmits the results to your GP. Your GP will review the measurements you made to make any necessary changes to your medication. You will not have to schedule any clinic appointments for your BP as long as it remains controlled. Self-management -you measure your BP at home using an automated BP device. You are responsible for making any necessary medication changes, according to a protocol agreed beforehand with your GP.
Sample size consideration
Sample size was calculated using the 'rule of thumb' method proposed by Johnson and Orme for DCEs without prior information, which estimated that at least 100 participants would be required. 19, 20 Simulation was conducted to understand whether the parameters of the models were estimable for different sample sizes, and confirmed the experimental design was robust with sample size n >100.
Participants and data collection
A database of patients who registered interest in taking part in research was used to recruit participants. 'Research for the Future' is an NHS-supported campaign to encourage people to take part in health research opportunities and includes Help BEAT Diabetes, Help BEAT Respiratory Disease, and Help BEAT Heart Disease. An email was sent to all registered patients, and adults with a self-reported diagnosis of hypertension were invited to take part.
Data analysis
Participant demographics were summarised using descriptive statistics.
A full description of statistical methods is available from the author on request. DCE data were analysed using a random parameter mixed logit model. These results were used to conduct a post-estimation scenario analysis to investigate what the predicted uptake of different models of care would be if all were available to patients (that is, what was the value that patients place on each model of care). The predicted probabilities that patients would choose each model of care was estimated assuming participants had access to all four, and all else being equal (in this case all other attributes set to the baseline category). Also assessed was the impact that single level changes have on overall predicted uptake (change in the predicted uptake if the frequency of BP measurements at the GP practice increased from monthly to three times a month, was estimated). 21 The impact of level changes in overall predicted uptake for the three attributes other than model of care in the DCE was evaluated, and these results are presented using the absolute change in predicted uptake from baseline and associated 95% confidence intervals (CIs). All analyses were conducted using Stata (version14).
RESULTS

Participant characteristics
An invitation to take part was emailed to 2761 individuals, and between 3-20 June 2016, 263 people opened the link to the questionnaire. Of those who opened the link, 42 (16%) were not eligible (that is, did not have hypertension, or were <18 years old). One hundred and sixty-seven of the 221 eligible participants who opened the link completed the questionnaire (76%). Fiftyfour (24%) completed at least one choice question, but did not finish the questionnaire, and were excluded from the analysis.
Responder characteristics are shown in Table 1 . Mean age was 61.4 years and 45.0% were women. The majority (82.0%) had a diagnosis of hypertension for >5 years, and took an average of two BP medications. The majority of the responders (n = 160) 
Patient preferences for hypertension model of care
Results from the random parameter mixed logit model are presented in Table 2 . All attributes have at least one significant difference between levels indicating that all played an important part in decisionmaking. The coefficient for cost was negative and significant indicating that responders preferred scenarios that cost less to the NHS. Within model of care, all coefficients were negative, indicating that GP management (the reference category) was preferred to all other options, although only the coefficient for selfmanagement was statistically significant. For frequency of BP measurement, the trend was towards preference for more frequent BP measurement, with 6-monthly and annual BP measurement having significant negative coefficients. Reduction in cardiovascular risk was a significant driver of preferences, with participants preferring increased reduction in 5-year cardiovascular risk. All of the coefficients were positive and statistically significant. Statistically significant standard deviations were observed for all of the levels in model of care, for 25% reduction in cardiovascular 
Goodness of fit
Number of observations 5344
Number of choices 2672
Log likelihood -1432 BP = blood pressure. CV = cardiovascular. SE = standard error.
e633 British Journal of General Practice, September 2019 disease risk, and for the cost attribute. This indicated that for these attributes/ levels there was considerable random (unexplained) variation across participants. Exploratory analyses indicated that age may account for some of the heterogeneity within model of care (that is, younger versus older having different preferences); however, results were inconclusive (further information is available from the author on request). Trade-offs between attributes were calculated in terms of cost, to determine how much participants were willing to pay, and results are presented in Table 3 . All else being equal, participants were willing to pay (that is the cost to the NHS) £374.74, £398.98, and £673.45 for 10%, 15%, and 25% reduction in 5-year cardiovascular disease risk, respectively. Willingness to pay for annual BP measurement was -£247.90 reflecting the negative preference for this attribute level (conversely this can be interpreted as participants being willing to pay £247.90 for monthly BP measurement over annual measurement).
Post-estimation scenario analysis
The impact of single level changes to attributes (all else being equal) on uptake of different models of care were investigated, and these results are shown in Table 4 . For example, changing the reduction in 5-year cardiovascular disease risk from 5% to 10% increased uptake of GP management by 21.5% (95% CI = 11.5 to 31.6). Similarly, changing the reduction in 5-year cardiovascular disease risk by the same level for self-management was associated with an increase in uptake of 
Goodness of fit
Number of observations 5344
Number of choices 2672
Log likelihood -1451 BP = blood pressure. CV = cardiovascular. SE = standard error.
18.9% (95% CI = 8.8 to 28.9). Increases in the frequency of BP measurement were associated with increases in predicted uptake. Increases in cost were associated with decreases in predicted uptakes.
DISCUSSION
Summary
This study appears to be the first time a DCE has been conducted to investigate patient preferences for the management of hypertension. All attributes included in the experiment had at least one significant level in the mixed logit analysis indicating that they were all important with regards to patient preferences. There was no evidence of a difference in patient preferences for GP management, pharmacist management, or telehealth, while there was evidence that participants preferred GP management over self-management. Patients preferred scenarios that had greater reduction in cardiovascular risk, more frequent BP monitoring, and lower costs. Risk was the most important driver of choice as evidenced by both the scenario analysis and the marginal willingness-to-pay analysis.
Strengths and limitations
This was an experimental study and participant choices may not represent how individuals behave in real-world situations.
As three of the models of care were not available routinely to patients in the UK, an experimental approach was the only way of determining how patients may make choices about the management of hypertension. The GP-led care model may also not represent the 'usual care' option for some, as care is often provided by practice nurses in England. As mentioned previously, the direction of effects for risk (choosing greater risk reduction) and cost (choosing lower cost), combined with the fact that all four attributes were important in decision-making, provide evidence that participants engaged with the choice tasks and that the choices were appropriate. To validate the findings requires observation of actual choices, and until all of the options included here are routinely available, this will be difficult. A strength of DCEs in general is that they present information to participants that resembles real-world decisions; that is, to say that decisions are based on a number of different, and sometimes competing, priorities. This analysis represents average preferences across participants, and there was evidence of heterogeneity, particularly in the model of care attribute. Therefore, there is a need to recognise that not all patients want the same thing, and further research should focus on investigating groups of patients with similar preferences.
Care should be taken in interpreting the results beyond the included sample. The final sample was well educated and almost all participants described themselves as white. This reflects the challenge across research studies in recruiting participants from minority groups. Future studies should 
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Contribute and read comments about this article: bjgp.org/letters target minority groups, as these groups often have the worse cardiovascular outcomes.
Comparison with existing literature
Previous research into self-monitoring, telehealth, and new models of care has shown that patients are willing to engage, and that these can be clinically effective. This study provides evidence that patients in the general population are willing to consider change. 10, 22, 23 Based on research evidence, some of these new ways of managing hypertension are being introduced into usual care. In the UK the majority of patients are now likely to measure their own BP at home and to discuss this with their GPs, and GPs are more comfortable using these measures to guide treatment. 24 Since the inception of this study, NHS England has invested significantly in a pilot of practicebased pharmacists. 25 This study included community pharmacy as an option, as interviews showed that patients found visits to the pharmacy more convenient (more options locally, often closer to home, and able to visit without the need to make an appointment). Management of hypertension is one option where practicebased pharmacists could be engaged.
However, it is worth noting that participants in this survey had a negative preference for self-management. It might be the case that patients are willing to become more involved in their care up to a point, but are wary of too much change. This preference may shift over time as patients become more used to being more involved in their care. Patients in trials of self-management have reported positive experiences; however, may have been asked to reflect on their experience, rather than their concerns before beginning.
Implications for practice
Participants prioritised services that reduced their cardiovascular risk. Scenario analysis showed that when the outcome changed from lowest to highest risk reduction category, the likelihood that participants would choose a model of care doubled. When offering new models of care, it is important to discuss the outcomes in terms of risk and risk reduction, and this may have an impact on the 'buy-in' among patients. In a policy environment that promotes patient choice, DCEs are a promising method for investigating preferences, and modelling future demand when commissioning new services.
This study investigated patient preferences for the management of hypertension and found a number of factors that were important. Participants had similar preferences for GP management, pharmacist management, and telehealth, but a negative preference for selfmanagement. When introducing new models of care for hypertension to patients, discussion of the potential benefits in terms of risk reduction should be prioritised to maximise uptake.
